studies have revealed a role for silent information regulator of transcription 1 (SIRT1) lysine deacetylase in cardioprotection against ischemia-reperfusion injury via long-term transcriptional effects. However, short-term SIRT1-mediated lysine deacetylation, within the context of acute cardioprotection, is poorly understood. In this study, the role of SIRT1 in the acute cardioprotective paradigm of first window ischemic preconditioning (IPC) was studied using SIRT1-deficient (SIRT1 ϩ/Ϫ ) and SIRT1-overexpressing (SIRT1 ϩϩϩ ) mice. In wild-type hearts, cytosolic lysine deacetylation was observed during IPC, and overacetylation was observed upon pharmacological SIRT1 inhibition. Consistent with a role for SIRT1 in IPC, SIRT1 ϩ/Ϫ hearts could not be preconditioned and exhibited increased cytosolic lysine acetylation. Furthermore, SIRT1
hearts could not be preconditioned and exhibited increased cytosolic lysine acetylation. Furthermore, SIRT1
ϩϩϩ hearts were endogenously protected against ischemia-reperfusion injury and exhibited decreased cytosolic acetylation. Both of these effects in SIRT1 ϩϩϩ mice were reversed by pharmacological SIRT1 inhibition on an acute timescale. Several downstream targets of SIRT1 were examined, with data suggesting possible roles for endothelial nitric oxide synthase phosphorylation, NF-B, and stimulation of autophagy. In conclusion, these data suggest that SIRT1, acting on nontranscriptional targets, is required for cardioprotection by acute IPC and that SIRT1-dependent lysine deacetylation occurs during IPC and may play a role in cardioprotective signaling. ischemic preconditioning; myocardial infarction; nicotinamide adenine dinucleotide; lysine deacetylation; silent information regulator of transcription ALTHOUGH THE ETIOLOGY of cardiac ischemia-reperfusion (I/R) injury has been well characterized, extensive knowledge of the mechanisms of myocardial damage has not successfully translated into methods for cardioprotection (3) . Among the experimental protective strategies that have been studied, ischemic preconditioning (IPC) is one of the most effective (46) . However, its limited clinical applicability has led to a focus on the mechanisms of IPC, with the goal of designing IPC mimetics to trigger protection.
IPC initiates a number of cardioprotective events, and the mechanism of protection appears to vary depending on the intervening time period between the protective stimulus (IPC) and the index I/R injury. Acute IPC is usually termed "first window" IPC (minutes to hours) and is mediated by the posttranslational modification of proteins. In contrast, "second window" IPC (days) induces protection mostly via de novo protein synthesis (33) .
The focus of this study was posttranslational modifications in acute IPC. While protein phosphorylation has been extensively studied in IPC, more recently, lysine acetylation has emerged as a posttranslational modification of potential importance (27) . In recent years, many nonhistone proteins that exhibit both reversible lysine acetylation and play critical roles in I/R injury have been discovered, including p53 (14) , NF-B (48), endothelial nitric oxide (NO) synthase (eNOS) (28) , and Ku70 (42) .
The silent information regulator of transcription (SIRT) family of proteins comprises class III lysine deacetylases that regulate various intracellular events (2) . The archetypal family member is SIRT1, and a recent study (17) has highlighted an emerging role for SIRT1-mediated transcriptional events in cardioprotection. These effects are mediated via deacetylation of transcription factors, upregulation of antioxidant enzymes, and other downstream gene targets (1, 17, 19, 43) .
In contrast, acute protein deacetylation by SIRT1 is also known to stimulate several protective signaling pathways, including NO · production (28), insulin signaling (49) , and autophagy (26) . We (31) have recently shown that SIRT1 plays a role in acute cardioprotection. However, those studies, as well as another implicating SIRT1 in neuronal IPC (36) , relied on pharmacological manipulation of SIRT1 activity. In this study, we further established a role for SIRT1 in acute IPC cardioprotection using SIRT1-deficient (SIRT1 ϩ/Ϫ ) and SIRT1-overexpressing (SIRT1 ϩϩϩ ) mice.
METHODS
The generation of heterozygous SIRT1 ϩ/Ϫ and transgenic SIRT1 ϩϩϩ mice was as previously described, with their background wild-type (WT) mice being the 129/SvJ and mixed C57BL/6Jϫ129/ SvJ strains, respectively (4, 29) . SIRT1 ϩ/Ϫ mice were backcrossed to WT C57BL/6J mice for at least two generations. SIRT1 ϩϩϩ mice were bred with WT mixed C57BL/6Jϫ129/SvJ mice. For breeding, WT mice of C57BL/6J or mixed C57BL/6Jϫ129/SvJ background were purchased from Jackson Laboratory (Bar Harbor, ME) at 8 -12 wk of age. WT littermates were used as controls in all experiments. All mice were bred and maintained in a pathogen-free vivarium under recommendations of the National Institutes of Health Guide for the Care and Use of Laboratory Animals with a 12:12-h light-dark cycle and food and water available ad libitum. All experimental protocols were approved by the American Association for Accreditation of Laboratory Animal Care-accredited University of Rochester Committee on Animal Resources.
Mouse hearts (n ϭ 43) were subjected to Langendorff perfusion as previously described (30) . I/R injury comprised 25 min of index ischemia followed by 60 min of reperfusion. IPC comprised 3 ϫ 5-min cycles of ischemia interspersed with 5 min of reperfusion before index I/R. Perfused hearts isolated from SIRT1 ϩ/Ϫ mice and their corresponding littermate controls (WT mice) were divided into the following four groups: 1) WT I/R (n ϭ 7), 2) WT IPC ϩ I/R (n ϭ 6), 3) SIRT1 ϩ/Ϫ I/R (n ϭ 5), and 4) SIRT1 ϩ/Ϫ IPC ϩ I/R (n ϭ 5). In a separate set of experiments, both SIRT1 ϩϩϩ and WT hearts were perfused with the SIRT1 inhibitor splitomicin (Sp; 10 M), which was delivered via a port above the aortic perfusion cannula for 20 min before I/R injury. The following four groups were tested: 1) WT I/R (n ϭ 5), 2) I/R ϩ Sp (n ϭ 5), 3) SIRT1 ϩϩϩ I/R (n ϭ 5), and 4) SIRT1 ϩϩϩ I/R ϩ Sp (n ϭ 5). Left ventricular pressure was monitored throughout by a balloon-linked transducer, and coronary root pressure was monitored by an in-line transducer. After reperfusion, infarct size was measured by 2,3,5-triphenyltetrazolium chloride staining as previously described (30) .
Lysine acetylation (K-Ac) was analyzed by immunoblot analysis of cell fractions prepared as previously described (8) . Lysis buffer contained trichostatin A (5 M) to inhibit class I/II histone deacetylases. Subcellular fractionation was verified by immunoblotting histones (H2A, H2B, and H4), adenine nucleotide translocator 1 (ANT1), and GAPDH (see Fig. 2A ). Samples were separated by SDS-PAGE and transferred to nitrocellulose. Membranes were blocked with Tris-buffered saline containing 0.05% (wt/vol) Tween 20 and 5% nonfat dry milk. The primary antibodies were anti-K-Ac, anti-Ac-p65, anti-eNOS, anti-phospho-eNOS (Ser 1177 , Cell Signaling, Danvers, MA), anti-histone (H2A, H2B, and H4), anti-GAPDH (Chemicon, Billerica, MA), anti-LC3 (Sigma, St. Louis, MO), anti-SIRT1 (Abcam, Cambridge, MA), anti-ANT1 (MitoScience-Abcam, Cambridge, MA), anti-p65 (Santa Cruz Biotechnology, Santa Cruz, CA), and anti-actin (Calbiochem/EMD, Gibbstown, NJ) at 1:1,000 to 1:10,000 dilutions in blocking buffer. All blots were developed with horseradish peroxidase-linked anti-mouse or anti-rabbit secondary antibodies and enhanced chemiluminescence (31) . Densitometry of K-Ac blots and corresponding Ponceau S-stained membranes was performed in the molecular mass range of 25-100 kDa using Scion Image software. Statistical significance between groups was determined using multivariate ANOVA.
RESULTS
Our previous investigation (31) , in which the SIRT1 inhibitor Sp blocked cardioprotection by acute IPC, suggested a role for SIRT1 in cardioprotection. In this study, we applied a genetic approach to cement this role. First, we investigated whether SIRT1 ϩ/Ϫ hearts were refractory to IPC using Langendorff perfusion to expose hearts to I/R injury and IPC. Figure 1 shows that IPC protected WT hearts against I/R injury, preserving cardiac function (rate-pressure product) during reperfusion (A) and decreasing infarct size (B). In contrast, IPC failed to preserve cardiac function and decrease infarct size in SIRT1 ϩ/Ϫ hearts. Importantly, the outcome of I/R injury alone (without IPC) was no different between SIRT1 ϩ/Ϫ and WT hearts, suggesting that resistance to IPC was not due to additional damage in SIRT1 ϩ/Ϫ hearts. These data establish that SIRT1 is required for acute IPC cardioprotection and that the cardioprotective role of SIRT1 extends beyond merely a transcriptional regulatory effect.
Next, we sought to investigate lysine acetylation in WT, SIRT1 ϩ/Ϫ , and SIRT1 ϩϩϩ hearts. Homogenate, nuclear, mitochondrial, and cytosolic extracts were immunoblotted with anti-K-Ac antibodies. Figure 2A shows that changes in protein acetylation in homogenates were mostly due to changes in the cytosolic compartment, with minimal impact from the nucleus or mitochondria. This is consistent with previous observations showing that the majority of SIRT1 is cytosolic in the adult heart (31, 44) . Figure 2B shows that the observed changes in cytosolic lysine acetylation between genotypes were reproducible across multiple independent samples. Quantitative densitometry is shown in Table 1 and revealed a robust decrease in cytosolic protein acetylation in SIRT1 ϩϩϩ hearts (compared with both WT and SIRT1 ϩ/Ϫ hearts), whereas the opposite effects were seen in SIRT1 ϩ/Ϫ hearts, i.e., acetylation was significantly higher compared with WT and SIRT1 ϩϩϩ hearts. These data are consistent with the known enzymatic role of SIRT1 as a lysine deacetylase.
We (31) recently demonstrated an association between SIRT1 activity and cytosolic protein deacetylation during IPC. To investigate this association in more detail, densitometric analysis was performed to compare cytosolic acetylation patterns between two groups of samples: 1) WT, SIRT1
ϩϩϩ , and SIRT1 ϩ/Ϫ hearts without IPC (Fig. 2C) and 2) WT hearts upon control perfusion, IPC, and IPC ϩ Sp (Fig. 2D) . Notably, deacetylated bands from SIRT1 ϩϩϩ hearts (arrows) matched . A: wild-type (WT) and SIRT-deficient (SIRT1 ϩ/Ϫ ) hearts were perfused in Langendorff mode and subjected to ischemia-reperfusion (I/R) injury with or without IPC. The rate-pressure product (RPP; equal to left ventricular developed pressure ϫ heart rate) indicated functional recovery during I/R injury and was monitored thought the whole experiment. Data are meanss Ϯ SE; n Ն 5. *P Ͻ 0.05 vs. I/R alone (by ANOVA). B: infarct size (IS) was quantified by 2,3,5-tetraphenyltetrazolium chloride (TTC) staining. AAR, area at risk. The top graph shows individual data points for each condition on the left, with means Ϯ SE on the right. *P Ͻ 0.05 vs. I/R alone (by ANOVA). The bottom images show representative TTC-stained hearts from each experimental group.
with those found in WT hearts after IPC. Importantly, these same bands were also overacetylated in both SIRT1 ϩ/Ϫ hearts (no IPC) and in WT hearts with IPC ϩ Sp. These data suggest that cytosolic protein deacetylation is concomitant with increased SIRT1 activity. Moreover, having established that IPC was inhibited in both SIRT1 ϩ/Ϫ hearts ( Fig. 1 ) and WT hearts ϩ Sp (31), these data indicate that SIRT1 activity correlates with the ability of the heart to be preconditioned.
Next, we tested several commonly studied downstream targets of SIRT1 that might potentially be involved in acute protection. One such signaling mechanism is the SIRT1-mediated activation of eNOS via Akt signaling phosphorylation at eNOS (Ser 1177 ) (9, 41) . In this regard, we found that phosphoeNOS was significantly higher in SIRT1
ϩϩϩ hearts compared with both WT and SIRT1 ϩ/Ϫ hearts ( Fig. 3 and Table 1 ). Alternatively, SIRT1 is known to deacetylate and inhibit NF-B p65 (48) , which may impact on inflammation or apoptotic signaling (47) . Figure 3 shows the significant increase in the level of p65 acetylation in SIRT1 ϩ/Ϫ hearts relative to both WT and SIRT1 ϩϩϩ hearts. Another known target of SIRT1 is the FOXO1-dependent transcription of MnSOD (17) . However, we did not observe any significant differences in MnSOD levels between WT, SIRT1 ϩ/Ϫ , or SIRT1 ϩϩϩ hearts (Fig. 3) . This observation contrasts with another study (17) , and this discrepancy may be due to the comparatively small differences in SIRT1 levels between WT and SIRT1 ϩϩϩ mice in this study (ϳ2-fold; Table 1 ) versus the much larger degree of SIRT1 overexpression in Ref. 17 .
Another critical event in I/R injury is autophagy (38) , but, more recently, it has also been shown that autophagy plays a role in IPC cardioprotection (18) . Surprisingly, autophagy was slightly stimulated in both SIRT1 ϩ/Ϫ and SIRT1 ϩϩϩ hearts, as suggested by the increase in the LC3 II-to-I ratio ( Fig. 3 and Table 1 ). These data are in agreement with other studies (15, 16, 20) showing modulation of the autophagic machinery by SIRT1.
Next, we investigated cardioprotection in SIRT1 ϩϩϩ mice. In agreement with Hsu et al. (17) , we found that SIRT1 ϩϩϩ hearts were endogenously protected against I/R injury (Fig. 4,  A and C) . To determine whether endogenous cardioprotection in SIRT1 ϩϩϩ mice was due to long-term effects, such as the upregulation of prosurvival proteins (17, 31) or stimulation of FOXO3 signaling (19) , or was mediated by acute lysine deacetylation, we administered Sp immediately before I/R in SIRT1 ϩϩϩ hearts. Notably, in SIRT1 ϩϩϩ mice, acute pharmacological inhibition of SIRT1 enzymatic activity brought lysine acetylation back up to control levels (Fig. 4B) . Consistent with its effects on lysine acetylation, Sp also inhibited cardioprotection in SIRT1 ϩϩϩ hearts (Fig. 4, A and C) . These results suggest that a significant portion of the endogenous cardioprotection in SIRT1 ϩϩϩ hearts is due to immediate deacetylase activity of SIRT1 within the 20-min time frame of Sp delivery and not due to transcriptional effects of SIRT1. In other words, the cardioprotective benefit of a lifetime of SIRT1 overexpression can be abolished with 20 min of inhibition of SIRT1 enzymatic activity.
Given our intriguing findings regarding eNOS phosphorylation in SIRT1 ϩϩϩ hearts (Fig. 3 ) and the known cardioprotective role of NO · (23), we next examined whether acute Sp delivery inhibited eNOS phosphorylation. Figure 4D shows that in SIRT1 ϩϩϩ hearts, Sp lowered eNOS (Ser 1177 ) phosphorylation down to WT levels. Together, these data support a role for SIRT1 in endogenous acute cardioprotection by a nontranscriptional mechanism.
DISCUSSION
This study determined an important role for SIRT1 in acute cardioprotection against I/R injury. We showed that SIRT1 ϩ/Ϫ hearts are refractory to first window IPC; moreover, we demonstrated that the SIRT1 inhibitor Sp acutely inhibited the endogenous cardioprotection observed in SIRT1 ϩϩϩ hearts. Thus, our study establishes a clear relationship between SIRT1 activity and cardioprotection on a short timescale.
The SIRT1 protection seen herein is distinct from the cardioprotection previously assigned to SIRT1 acting at a transcriptional regulatory level (17) . The latter is likely important in second window or delayed preconditioning and may involve FOXO3 (de)acetylation (5). FOXO3 is an important regulator of antioxidant genes and is directly involved in the cell stress response (19, 34) . Further studies are required to address the involvement of a SIRT1-FOXO3 axis in cardioprotection.
An interesting finding from this study is the striking similarity between the patterns of cytosolic protein acetylation observed in IPC and with genetic manipulation of SIRT1 activity. It is commonly recognized that the field of sirtuin biology is limited by the poor availability of reliable assays for SIRT1 activity (32) . These data suggest that modulation of SIRT1 activity may be estimable based on cytosolic protein acetylation patterns, at least in the heart. Our unpublished observations suggest these characteristic differences in cytosolic protein acetylation are also seen in both aging and diabetic hearts and upon treatment with the nonspecific SIRT1 activator resveratrol. Notably, SIRT1 is downregulated in both aged and diabetic hearts (11, 40) . Thus, the further proteomic characterization of SIRT1 targets may enable a "signature" of cytosolic lysine acetylation to be developed as a surrogate marker to assay cardiac SIRT1 activity, in the same way that signaling kinase substrates are often used to assay upstream kinase activities. The recent development of technologies to immunoenrich acetylated peptides may be of use in the further characterization of the cardiac acetylated proteome (39) . Regardless of the acetylation status in IPC, assignment of any SIRT1-mediated change in acetylation to a role in cardioprotection may be difficult, because SIRT1 may orchestrate multiple parallel signaling pathways.
To investigate downstream SIRT1 signaling, several wellknown targets of SIRT1 were examined (Fig. 3) . We demonstrated that eNOS might contribute to endogenous cardioprotection in SIRT1 ϩϩϩ hearts, because Sp removed both the protective effect against I/R injury and eNOS (Ser 1177 ) phos- Data are means Ϯ SE; n Ն 3. WT, wild type; SIRT1 ϩ/Ϫ , silent information regulator of transcription 1 (SIRT1) deficient; SIRT1 ϩϩϩ , SIRT overexpressing. For Fig. 2, A and B, lysine acetylation densitometry was performed in the range of 25-100 kDa and normalized to protein across the same molecular mass range from Ponceau S-stained membranes. For Fig. 3 , SIRT1 and MnSOD were normalized to actin; phospho-endothelial nitric oxide synthase (eNOS), Ac p65, and LC3 II were normalized to eNOS, p65, and LC3 I, respectively. *P Ͻ 0.05 vs. SIRT1 ϩ/Ϫ ; †P Ͻ 0.05 vs. WT (by ANOVA).
Fig. 3. SIRT1 downstream targets in WT, SIRT1
ϩ/Ϫ , and SIRT1 ϩϩϩ hearts. Whole heart homogenates were prepared, proteins were separated by SDS-PAGE, and SIRT1, phosphorylated (P) endothelial nitric oxide synthase (eNOS; Ser 1177 ), total eNOS, Ac p65, p65, MnSOD, LC3, and actin were all detected by immunoblot analysis. Three separate samples are shown for each genotype. Densitometry is shown in Table 1. phorylation (Fig. 4D) . One mechanism by which eNOS may impact resistance to ischemia is via modulation of vascular tone. In this regard, we found no significant differences in coronary vascular resistance (CVR) between WT, SIRT1 ϩ/Ϫ , and SIRT1 ϩϩϩ hearts at baseline, although CVR was slightly elevated in the knockouts (Table 2) . A significant rise in CVR was observed in WT hearts in response to I/R injury, and, notably, this elevation was blunted in SIRT1 ϩϩϩ hearts, suggesting preservation of vascular function. In SIRT1 ϩ/Ϫ hearts, CVR was already elevated at baseline (although not significantly) and thus did not rise further with I/R injury. Together, these CVR data match well with our observations on eNOS phosphorylation. It remains to be discovered whether SIRT1 can directly activate eNOS via deacetylation in the heart, as has been reported for other tissues (28) .
Other downstream SIRT1 signaling events that were tested herein and may affect IPC included autophagy and NF-B activation. The ratio of LC3 II to I is used as an indicator of autophagosome formation (24) , and we observed that the LC3 II-to-I ratio was slightly higher in both SIRT1 ϩ/Ϫ and SIRT1 ϩϩϩ hearts. It has been shown that SIRT1 regulates the expression of Rab7, which is required for autophagosome flux to lysosomes (15) . Therefore, it is possible that the flux and intracellular waste disposal by lysosomes is impaired in SIRT1 ϩ/Ϫ hearts. Assuming a significant role of autophagy in cardioprotection (18, 38) , it is also possible that the intracellular accumulation of autophagic material may partly be responsible for IPC resistance in SIRT1 ϩ/Ϫ hearts. Furthermore, inhibition of autophagic flux and stimulation of NF-B (acetylation of p65) may predispose cardiomyocytes in SIRT1 ϩ/Ϫ hearts toward more apoptosis.
Two other SIRT1 targets of particular interest are isocitrate dehydrogenase and GAPDH (31) . These same targets were also overacetylated in SIRT1 ϩ/Ϫ hearts compared with SIRT1 ϩϩϩ hearts (data not shown), and recent studies have suggested that deacetylation of these enzymes may be cardioprotective. Isocitrate dehydrogenase deacetylation stimulates its activity, which increases resistance to oxidative stress by keeping antioxidant systems in a reduced state (37) , whereas deacetylation of GAPDH may prevent its translocation to the nucleus (45) , where it can trigger apoptosis (7). Obviously, as ϩϩϩ hearts were subjected to I/R injury with or without an infusion of Sp (10 M). RPP was monitored throughout the experiment. Data are means Ϯ SE; n ϭ 5. *P Ͻ 0.05 vs. SIRT1 ϩϩϩ I/R; #P Ͻ 0.05 vs. SIRT1 ϩϩϩ I/R ϩ Sp (by ANOVA). B: both WT and SIRT1 ϩϩϩ perfused hearts were subjected to control perfusion with or without Sp (10 M). Before index ischemia, cytosolic fractions were prepared and immunoblotted for K-Ac (as indicated by the arrow in A). Densitometry was performed exactly as described in Fig. 2 , with normalization to Ponceau S-stained membranes (not shown). Data are means Ϯ SE; n ϭ 3. *P Ͻ 0.05 vs. SIRT1 ϩϩϩ (by ANOVA). C: IS was quantified by TTC staining. In the top graph, individual data points for each condition are shown on the left, with means Ϯ SE on the right (n ϭ 5). *P Ͻ 0.05 vs. SIRT1 ϩϩϩ I/R; #P Ͻ 0.05 vs. SIRT1 ϩϩϩ I/R ϩ Sp (by ANOVA). The bottom images show representative TTC-stained hearts from each experimental group. D: eNOS phosphorylation was tested in whole heart homogenates. Experimental groups were as in B. Densitometry data (P-eNOS/total eNOS) are shown below the blots. Data are means Ϯ SE; n ϭ 3. *P Ͻ 0.05 vs. SIRT1 ϩϩϩ (by ANOVA). Values are means Ϯ SE; n ϭ 3. Coronary resistance (in mmHg ⅐ ml Ϫ1 ⅐ min Ϫ1 ) was calculated as the ratio of coronary root pressure (in mmHg) to coronary flow (in ml/min). *P Ͻ 0.05 vs. WT before ischemia (by t-test). more SIRT1 targets become identified and their roles in cardioprotection are tested by genetic or pharmacologic inhibition, the complexity of SIRT1 cardioprotective signaling will develop.
Another interesting observation arising from the current data set is the gene dose response of SIRT1-mediated cardioprotection. A single copy (SIRT1 ϩ/Ϫ ) does not protect, even upon stimulation by IPC, whereas two doses (WT SIRT1 ϩϩϩ ) confer protection with IPC. This suggests a sharp threshold wherein a minimal amount of SIRT1 is required for IPC. Notably, multiple SIRT1 doses (SIRT1 ϩϩϩ ) confer protection even without IPC, suggesting that under baseline non-IPCstimulated conditions, there may be an endogenous level of SIRT1 stimulus present. Further work is required to determine the nature of the upstream SIRT1 stimulus that is operational in cardiac cells under baseline, I/R, and IPC conditions.
Establishing a link between SIRT1 and IPC may provide some insight into the clinical problem of susceptibility to I/R injury in aging and diabetes. In addition to being major risk factors for myocardial infarction (10, 12, 22) , aged and diabetic hearts are also refractory to protection by IPC (21, 25, 35) . This loss of IPC is accompanied with a marked inhibition of SIRT1 activity (11, 40) , which may contribute to the development of age-related disturbances such as a severe impairment of energy metabolism (6, 13) , inhibition of autophagy (26) , and inefficiency of the antioxidant machinery (17, 43) . These pathological alterations may diminish the ability of heart to maintain endogenous cardioprotection. Thus, it is possible that preservation of SIRT1 activity might be a promising tool to restore IPC and provide cardioprotection in patients with cardiovascular disease and diabetes, as well as the aged.
In summary, SIRT1 plays an important role in endogenous cardioprotection and during acute IPC. Furthermore, SIRT1-mediated lysine deacetylation is a key posttranslational modification that occurs concurrent with acute cardioprotection against I/R injury.
